Abstract: Data of 11 infants (median gestational age and birth weight 30 weeks and 1520 g, respectively) with severe human rhinovirus infection (HRV) are described. Nine of 11 (82%) were preterm infants and 7 of these 9 (78%) became infected during their stay in the neonatal intensive care unit. All infants presented with respiratory distress and all needed respiratory support for a median of 6 days. Radiologic findings included perihilar streakiness, atelectasis, focal consolidation, and hyperinflation. The diagnosis of HRV infection was made by real-time polymerase chain reaction in nasopharyngeal aspirate. All infants recovered from their HRV infection. HRV can cause severe disease in preterm infants requiring respiratory support.
H uman rhinoviruses (HRV) are a major cause of common cold in adults and children. 1 Usually HRV infections run a mild course, but it has recently been shown that HRV can be associated with severe lower respiratory tract infection in children. 2 There are no published data available on HRV infections in preterm infants. We retrospectively analyzed the data of all neonates with confirmed HRV infection admitted to our neonatal intensive care unit (NICU) from 2003 until 2008.
MATERIALS AND METHODS
We included all infants with a confirmed diagnosis of HRV infection and admitted from 2003, when the HRV real-time polymerase chain reaction (PCR) was introduced in our hospital, until 2008. We analyzed the clinical, virologic, radiologic and laboratory data of these infants. The diagnosis of HRV infection was made on the basis of a positive real-time PCR for HRV in a nasopharyngeal aspirate. Samples of all infants were also tested by real-time PCR for the following viral and bacterial pathogens: respiratory syncytial virus (RSV), human metapneumovirus, parainfluenzaviruses 1 to 4, influenzaviruses A and B, human coronaviruses (HCoV: 229E, OC43, and NL-63), adenoviruses, Mycoplasma pneumoniae, Chlamydia pneumoniae, and since 2006 bocavirus. All PCRs were real-time assays based on TaqMan probes. The target for the HRV PCR was the 5Ј noncoding region of the genome. The amount of virus in each sample was recorded semi-quantitatively based on the cycle threshold (Ct) value of the sample in the PCR. The Ct value indicates the number of cycles needed in PCR before a sample becomes positive, and is therefore directly related to the amount of viral genome in the sample. Thus, a low Ct value corresponds to a high viral load, and a high Ct value to a low viral load. HRV was recorded as the dominating virus in a sample when the Ct value was at least 4 cycles lower than the Ct value for any other virus. Ct values above 45 were considered to be negative. Molecular typing of HRV was not performed.
RESULTS
During the study period viral infection was suspected in 62 infants admitted to our NICU. Depending on the clinical presentation (sepsis, meningitis, or pneumonia) we looked for viral agents of infection in different clinical samples. In patients with pneumonia we performed a PCR on respiratory viruses in nasopharyngeal aspirate as described in the methods section. In 8 of 62 infants, we could not identify any virus. In 22 (41%) of 54 infants with a proven viral infection, we identified 24 respiratory viruses. The most frequently detected viruses were HRV (n ϭ 11) and RSV (n ϭ 8). The remaining respiratory viruses were HCoV (n ϭ 2), influenza virus (n ϭ 1), adenovirus (n ϭ 1), and parainfluenza virus (n ϭ 1). In 1 infant, 3 different respiratory viruses (HRV, RSV, and HCoV) were found.
The characteristics of 11 infants with HRV infection are shown in Table 1 . Nine of 11 infants (82%) were born prematurely with a median gestational age of 30 weeks (range: 26 -32 weeks). The other 2 infants were born at term (39 and 41 weeks, respectively). One underwent surgical correction because of a diaphragmatic hernia, whereas the other was admitted from home at 5 days of age. The median age at onset of symptoms was 49 days (range: 5-94 days). In 7 of 11 infants HRV infection was acquired during their hospital stay.
The main presenting symptoms were respiratory distress (9/11), apnea (7/11), rhinorrhea (6/11), and hypothermia (5/11). All infants required respiratory support for a median of 6 days (range: 3-11 days), in 9 infants mechanical ventilation was necessary. The C-reactive protein was slightly elevated at onset of symptoms with a median value of 15 mg/L, and the white blood cell count was consistently normal. The Ct value of HRV was low in all infants with a median of 21 (range: 18.4 -28.8) at onset of symptoms, indicating the presence of high viral loads of HRV in the respiratory tract. In 2 infants (patient 9 and 11), the Ct value increased from 24.6 to 29.4 and from 18.4 to 35.6, respectively, in samples taken 7 days later. Chest radiographs revealed perihilar streakiness (10/11), atelectasis (9/11), focal consolidation (6/11), and hyperinflation (6/11). Most infants had 2 or more of the above mentioned radiologic findings. One patient (patient 4) had a coinfection with 2 other viral pathogens, HCoV and RSV, but the viral loads of RSV (Ct: 35.1) and HCoV (Ct: 31.2) were considerably lower than that of HRV (Ct: 26.5). We did not find any nosocomial spread of HRV among our infants. Our patients were not clustered in time, but represented separate events. All infants recovered from the episode of HRV infection, but 4 patients (1 term and 3 preterm) subsequently developed recurrent lower respiratory tract infections.
DISCUSSION
Our study shows that HRV can cause severe pulmonary disease among infants admitted to a NICU. HRV is generally known as the causative agent of the common cold. The association of HRV with asthma exacerbations, wheezing, and lower respiratory tract infections has been well recognized. [2] [3] [4] Recently, HRV also appeared to be an important reason for hospitalization in young children. [5] [6] [7] However, HRV can also be detected in asymptomatic children. 8 It is suggested that the identification of HRV in asymptomatic infants represents low-level infection without clinical symptoms, or is a first sign of developing illness. 5 Data on HRV infections in very young infants are limited. In our previous retrospective analysis (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) of viral infections in our NICU, we found that HRV contributed to 2% of all proven viral infections among admitted infants. 9 This percentage recently increased to 20% (unpublished data), which can be explained by the The clinical presentation of HRV infection in infants described in our study did not differ from that of RSV infection. 10, 11 All infants developed rhinorrhea, respiratory distress, apnea, and hypothermia, and required respiratory support for 3 to 11 days. It was not possible to differentiate between RSV and HRV infection based on radiologic findings. The presence of atelectasis which changed position daily and the huge production of sputum were common findings. We recorded relatively low Ct values corresponding to relatively high viral loads in the respiratory samples of our patients. In one infant (patient 4), who was infected with 3 different respiratory viruses, HSV was considered the major causative agent because of its lowest Ct value. In 2 infants the Ct value performed again after 7 days was increased significantly, which was associated with clinical recovery. All infants recovered, but 4 developed recurrent respiratory tract infections which could not be explained solely by prematurity. In conclusion, HRV can cause severe pulmonary disease in preterm infants, requiring respiratory support. 2 Rapid laboratory diagnosis of influenza can improve clinical care, facilitate outbreak investigations, and support infection control measures. Highly sensitive real-time reverse transcription-polymerase chain reaction (RTPCR) assays are the preferred diagnostic method but are complex and costly, often not available in developing countries, and results are seldom available in time to influence treatment decisions. In contrast, commercially available rapid influenza diagnostic tests (RIDTs) are simple, produce results in a few minutes, and are widely used to detect influenza infections in outpatient settings. Broadly, RIDTs have been found to have high specificity (76%-100%) but low to moderate sensitivity (10%-100%) to detect seasonal influenza viruses. 3 We investigated the sensitivity and specificity of the QuickVue AϩB rapid influenza test to detect 2009 pandemic influenza A (H1N1) virus infection compared with real time RTPCR in febrile pediatric outpatients in Bangkok, Thailand. We also studied whether nasal or throat swabs produce superior specimens to detect the 2009 pandemic virus by RTPCR.
MATERIALS AND METHODS
The study was approved by the Ethical Review Committee of the Queen Sirikit National Institute of Child Health. During July 2009 and August 2009, we prospectively identified and obtained written consent from the guardians of pediatric patients who sought outpatient care for influenza-like illness (ILI). For children less than 2 years of age, ILI was defined as fever Ն38°C and one or more of the following symptoms: nasal discharge/congestion, cough, conjunctivitis, respiratory distress, sore throat, new seizure. For children Ն2 years of age ILI was defined as fever Ն38°C and cough or sore throat. Eligible patients were 1 month to 15 years of age. Rapid test results were immediately provided to the attending physician to support treatment decisions. RTPCR was used as the standard to calculate the performance of the rapid test. We excluded subjects who tested positive by RTPCR for seasonal influenza strains from the analysis. We derived 95% confidence limits for sensitivity and specificity using the Wald-normal-approximation using R version 2.8.1. We used the simple kappa coefficient to test for agreement between throat and nasal swabs by RTPCR.
Specimens (2 nasal and 1 throat) were collected from each child by hospital nurses experienced in collecting respiratory swab specimens. The foam-tipped nasal swab provided by the manufacturer was immediately tested according to manufacturer instructions using the QuickVue Influenza AϩB rapid diagnostic kit (Quidel Co., San Diego, CA). The remaining Dacron-tipped nasal and throat swabs were immediately placed in separate M4RT viral transport media (Remel, Lenexa, KS), and sent the same day on wet ice to the Armed Forces Institute of Medical Sciences. These specimens were aliquoted within 24 hours and then stored at Ϫ70°C until processed for RTPCR. Viral ribonucleic acid was extracted from 140 L of inoculated viral transport media using the QIAamp viral ribonucleic acid mini kit method (Qiagen, Los Angeles, CA) according to the manufacturer instructions. All respiratory samples were first tested with universal influenza A and universal influenza B primers and probes. Samples that were positive for universal influenza A were tested with 2009 pandemic influenza A (H1N1) primers and probe sequences. If negative for the pandemic strain, seasonal H1 and H3 specific probes and primer sequences were used. Probes and primers were developed by the US Centers for Disease Control and Prevention, Atlanta, GA.
RESULTS
Respiratory swab specimens were collected from 426 children of whom 418 had RTPCR results. Subjects ranged in age from 6 months to 14 years including 233 (56%) participants less than 3 years (Table 1 ). All subjects agreed to participate. No participants received antiviral medication prior to being tested. About 71% of participants were tested within the first 2 days following symptom onset (range: 0 -8 days, median ϭ 2). Among 181 (43%) subjects whose nasal swab was RTPCR-positive for influenza, 142 (78%) were positive for the 2009 pandemic influenza A (H1N1) virus and 39 were positive for seasonal influenza viruses (30 type A/H3, 4 type A/H1, and 5 type B).
Among the 142 pandemic influenza A (H1N1) RTPCR positive patients, the QuickVue rapid test identified 89 positive tests for a sensitivity of 62.7% (95% confidence interval ͓CI͔: 54.7-70.6). Specificity was 99.2% (95% CI: 98 -100). In the 0 to 2 years age group, sensitivity was 76.7% (95% CI: 61.5-91.8). Two false-positives occurred in patients 0 to 2 years of age. The sensitivity of the rapid test was greatest in children less than 3 years of age. In this sample with a pandemic influenza A (H1N1) prevalence of 34%, the rapid test's overall positive predictive value was 97.8% and negative predictive value was 81.6%. 
DISCUSSION
We demonstrated that the QuickVue test had a sensitivity of 62.7% to detect 2009 pandemic influenza A (H1N1) viruses compared with RTPCR in febrile pediatric outpatients in Thailand. We used the World Health Organization case definition for ILI. Use of a broader case definition might have influenced the positive and negative predictive values of the rapid test. In contrast to human infections with avian influenza A (H5N1) where throat and lower respiratory tract specimens have been found to be superior to nasal swabs, 4 we observed no significant difference between throat and nasal swabs to identify 2009 pandemic influenza A(H1N1) by RTPCR.
The performance of RIDTs may vary by virus subtype 3 and has been poor when tested with nonhuman influenza viruses. 9 reported that compared with RT-PCR, the BinaxNOW Influenza A and B Rapid test had a sensitivity of 11.1% (95% CI: 6.7-17.7) in 144 pandemic influenza A(H1N1) positive patients with a median age of 18 years.
Several factors may have contributed to the greater sensitivity we observed. First, our study population included only children and 71% were tested within 72 hours of symptom onset. Because children shed higher quantities of virus and for longer duration than adults, 10 this may explain the higher sensitivity we observed compared with other studies where adult specimens were tested and the time from symptom onset to specimen collection was longer or unknown. 7 Previous studies tested specimens that had been shipped, frozen, and thawed prior to testing which may have reduced the performance of the test. In our study, specimen collection was standardized and rapid testing was completed on fresh specimens within minutes of receipt.
Seasonal and pandemic viruses continually undergo antigenic drift which makes regular reassessment of the sensitivity of RIDTs essential. RIDT performance can vary by brand and by virus subtype. Adherence to package insert instructions and careful attention to clinical specimen quality is essential to optimize the performance of all RIDTs. For clinical decision-making, all results from RIDTs must be interpreted in the context of patient's risk for serious complications, the severity of illness, and circulating influenza strain information. 3 Recently, it was shown in adult patients that strains with minimal inhibitory concentrations (MICs) Ն1.5 g/mL, though not above the susceptibility breakpoint of 2 g/ mL, were associated with clinical failure. 4, 5 This increase in vancomycin MICs over time is defined as MIC creep. 6 -8 Because of MIC creep, tissue penetration of vancomycin, and other factors, the vancomycin MIC breakpoints were lowered in 2006. According to these breakpoints, an isolate with an MIC of Յ2 g/mL is considered susceptible to vancomycin, an isolate with intermediate resistance has an MIC of 4 to 8 g/mL, and an isolate with an MIC Ն16 g/mL is resistant. Some bacterial colonies within the staphylococcal population, on exposure to vancomycin, develop an intermediately resistant phenotype known as heterogeneous-vancomycin intermediate S. aureus (hVISA), a phenotype that may be responsible for treatment failures despite overall vancomycin susceptibility. 2, 6 Most data regarding MIC creep has been collected from adult isolates. It is unclear whether this phenomenon occurs in MRSA isolates from pediatric patients, specifically those classified as community-associated MRSA (CA-MRSA). CA-MRSA isolates would be expected to have lower vancomycin MICs when compared with hospital-associated MRSA isolates due to the lack of selective vancomycin pressure in the community. We hypothesized that vancomycin MICs have not changed significantly over time in the pediatric population, because risk factors such as frequent vancomycin exposure and foreign bodies such as catheters or prosthetic joints are not likely to be present in children with CA-MRSA disease. To evaluate this, we studied the vancomycin MICs for pediatric CA-MRSA isolates from 2004 to 2008 based on site of infection. Isolates were initially classified as MRSA by the clinical laboratory of Vanderbilt Children's Hospital and subsequently confirmed by our laboratory based on growth on mannitol salt agar plates containing oxacillin and a positive latex agglutination test for clumping factor (Staphaurex, Remel). DNA was extracted and purified and was used as template for polymerase chain reaction (PCR) detection of nuc and mecA genes and for staphylococcal cassette chromosome mec (SCCmec) typing, as described elsewhere. 10 Genotyping of isolates was performed by pulse-field gel electrophoresis and/or repetitive element sequence based PCR.
MATERIALS AND METHODS
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E-Test Micro-and Macro-Methods. S. aureus strain ATCC 29213 was used as the reference strain for both E-test methods (ABBiodisk, Solna, Sweden), which were performed according to the manufacturer's guidelines. For the micromethod, a 0.5 McFarland standard was prepared in sterile saline, inoculated onto MuellerHinton agar, and incubated for 24 hours at 35°C. For the macromethod, a 2 McFarland standard was inoculated onto brain-heart infusion agar and incubated for 48 hours at 35°C. Testing of the clinical isolates was done in a single laboratory, and the results were recorded by a single observer. S. aureus isolates with vancomycin MICs by micromethod of Յ2 g/mL were considered susceptible (VSSA) based on Clinical and Laboratory Standards Institute guidelines. Intermediate susceptibility to vancomycin (VISA) was defined by MICs of 4 to 8 g/mL, and vancomycin resistance (VRSA) by MICs of Ն16 g/mL.
Analysis of MICs over time and by site of infection was performed using the Kruskal-Wallis H method. A P value of 0.05 was considered statistically significant. All analyses were performed with SPSS Version 16.0.
RESULTS
To confirm that each of the 71 isolates clinically determined to be community-associated were also genotypically consistent with CA-MRSA, we performed SCCmec typing and genotyping by pulsed-field gel electrophoresis or rep-PCR. All of the isolates had SCCmec IV cassette and belonged to USA300, the current epidemic clone in the United States. Of the 71 invasive isolates, 47 (66.2%) were from joint infections (Table 1) .
Overall, the modal MIC by micromethod was 1.5 g/mL. Fifty-six isolates had an MIC Ն1.5 g/mL. Three isolates had an MIC of 2 g/mL, but are considered susceptible by Clinical and Laboratory Standards Institute breakpoints. Only 15 isolates had an MIC Ͻ1.5 g/mL. Median and mean vancomycin MICs did not increase over time (P ϭ 0.245, Inter-Quartile Range [IQR] 1.5-1.5 g/mL). Similarly, MIC values were not significantly different across different infection sites (P ϭ 0.952, IQR ϭ 1.5-1.5 g/mL).
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By the macro-method, 2 isolates (1 from 2005, 1 from 2004) had vancomycin concentrations of 8 and 12 g/ml, respectively. These isolates were susceptible by the micromethod, a characteristic consistent with hVISA. By the macromethod, changes in vancomycin concentrations over time in both the mean and the median were not different (P ϭ 0.052, IQR ϭ 3 to 4 g/mL), nor were the differences by infection sites (P ϭ 0.085, IQR ϭ 3-4 g/mL).
DISCUSSION
The modal vancomycin MIC of 1.5 g/mL in our isolates is higher than the previously reported modal MIC of 1.0 g/mL for S. aureus. 2 This has clinical importance if treatment with vancomycin is considered, since MRSA isolates with vancomycin MICs Ն1.5 g/mL have been associated with poorer clinical outcomes and vancomycin treatment failures in adults, despite the fact that they are lower than the vancomycin susceptibility breakpoint. 4, 5 Though vancomycin is the mainstay of treatment for most children with invasive CA-MRSA infections, the pharmacologic properties of the drug, such as poor penetration into lung and bone 12 and potential for nephrotoxicity, 12 are challenging. For this reason, many choose clindamycin for first-line therapy for uncomplicated osteoarticular disease, given the likelihood of susceptibility and excellent bioavailability. However, for bacteremia or complicated osteoarticular disease, vancomycin is still recommended by most, and clinicians typically use plasma trough values to evaluate safety and therapeutic window. At our institution, target trough values are set between 5 and 12 g/mL; however, in recent years, many clinicians have pushed the troughs to 10 to 15 g/mL, particularly for osteoarticular disease or pulmonary disease where vancomycin concentrations are only 10% to 15% of plasma. 12 In this study, we demonstrated that 56 of 71 isolates had MIC values Ն1.5 g/mL. For patients with bone or joint infections caused by strains with vancomycin MICs of 1.5 g/mL, troughs of no less than 10 g/mL are likely needed for the drug to be fully effective.
We did not see a creep in MICs of vancomycin during the period studied. These findings agree with some authors who have reported steady vancomycin MICs over time, 2, 8 but disagree with others, who have reported the existence of a vancomycin "MIC creep." 6, 7 Most of this work has been done in hospital-associated MRSA; therefore, the same selective pressures generating MIC creep are likely not present in this cohort of patients with CA-MRSA. Additionally, by the macromethod, 2 isolates with vancomycin concentrations of 8 and 12 g/mL, respectively, are considered to be hVISA. Currently, the E-test macromethod is considered the most sensitive screening method for detecting hVISA. 13 Although they represent a low percentage, they might be clinically significant, especially since there are no previous studies that address hVISA in a pediatric population. The 2 hVISA isolates were from years 2004 to 2005, implying that this is not a growing phenomenon in this collection of isolates.
One limitation of this study is that the sample size depended on all the available and viable pediatric invasive CA-MRSA isolates at our institution. However, there were no systematic biases towards CA-MRSA isolates with higher vancomycin MICs because until 2009 very few CA-MRSA had formal MIC testing. Another limitation is that we were unable to assess the association between vancomycin MIC and clinical outcomes, since clinical information was unavailable for the patients-a prospective study would be the most definitive way to determine this relation. Last, since many clinical laboratories use the E-test because of its cost-effectiveness, we chose to use this method for MIC determination. While this method can overestimate the MIC when compared with broth microdilution, 14 the MIC by E-test may be more reliable in predicting vancomycin treatment outcomes. 15, 16 Clinicians should recognize that MRSA isolates, including those that are epidemiologically and genotypically CA-MRSA, may have higher vancomycin MICs than expected, and that this might complicate response to treatment. We recommend that all pediatric patients treated with vancomycin for invasive CA-MRSA disease, particularly those with osteoarticular disease or pneumonia, have formal MIC testing of their staphylococcal isolate (micromethod) to guide serum vancomycin target trough concentrations. T ransmitted antiretroviral drug resistance (TDR) refers to the situation when patients are newly infected with antiretroviral resistant HIV strains. In industrialized countries, such as Europe and North America, with about 15 years history of antiretroviral therapy (ART), 5% to 25% of newly HIV-infected individuals are infected with a strain with some degree of antiretroviral drug resistance.
1,2 Likewise in developing countries with high levels of antiretroviral exposure, such as Brazil and Argentina, TDR prevalence of respectively 4% and 7.7% was found. 3, 4 Transmitted drug resistance testing should ideally be done during the early stages of infection before resistant viruses can revert to wild-type.
Since the presence of TDR may compromise the success of ART and therapy roll-out programs, surveillance for prevalence of TDR in populations, where there is increasing ART-usage, is necessary.
The World Health Organization (WHO) proposed surveillance guidelines using binomial sequential sampling for TDR (threshold surveillance). At most 47 recently infected patients are sequentially tested, allowing prevalence to be classified as either Ͻ5%, between 5% and 15%, or Ͼ15%. 5 To gain uniformity and to exclude polymorphic mutations, the list of surveillance drug resistance mutations (SDRM) has recently been updated. 6 Since ART is rapidly being scaled-up in the Western Cape Province of South Africa, surveillance is needed to detect any increase in TDR. The WHO surveillance strategy targets recently infected adults, but adult surveillance may not accurately predict TDR prevalence in infants, especially where antiretroviral drugs are used for prevention of HIV mother-to-child transmission (PMTCT). The timing of infection is also easier to ascertain in infants than in adults. Transmitted drug resistance data for infants are limited, and for developing countries the data come from PMTCT cohort studies, where high rates of nevirapine (NVP) resistance in infants have been detected. 7, 8 There are very few infant TDR data from a typical population of children needing ART. In industrialized countries, the TDR prevalence in infants may be high as demonstrated in the United States by Persaud et al who found 5 of 21 (23.8%) infants to have transmitted resistance. 9 Recent evidence supports early ART of infants, 10 shortly after transmission when TDR may be more significant. Monitoring in young children could provide valuable information for the South African ART roll-out program and enable the selection of optimal regimens.
MATERIALS AND METHODS
The study formed part of a South African Department of Health funded antiretroviral resistance study that was approved by the Stellenbosch University Committee for Human Research. We adapted the WHO TDR surveillance method to test children, using age, less than 18 months, as indicative of early infection (for adults the cut-off is 3-years after diagnosis, whereas no standard for children has been formulated), applying the same binomial sampling method as is recommended for adults. This method is based on lot quality assurance methods. The method does not attempt to estimate the exact prevalence but to reliably categorize it: to classify prevalence as either Ͻ5%, between 5% and 15%, or Ͼ15% a sequential sample of at most 47 is needed. 5 Genotypic antiretroviral drug resistance testing does not form part of routine management, but patients who were consecutively referred from the Cape Town Metropolitan region were enrolled for baseline genotypic antiretroviral drug resistance testing before initiation of ART from March 2007 to September 2009. About 49 children, from 1 to 17 (median, 3.7) months-of-age, were included, of whom 35 had documented evidence of being exposed to the Western Cape PMTCTregimen, 6 had no record and 8 did not receive PMTCT. The Western Cape regimen consists of azidothymidine (AZT) from 28 weeks gestation to the mother with additional NVP intrapartum. The baby receives NVP within 72 hours of birth and 7 days of AZT (or 28 days if mothers had less than 4 weeks of AZT). Since there was limited patient information available, we could not access how many patients were fully compliant with the regimen. Antiretroviral resistance testing was done using an accredited in-house genotypic sequencing assay. Sequences were interpreted using the updated WHO Surveillance drug resistance mutation list. 6 
RESULTS
Testing yielded 48 reverse transcription and 49 protease sequences. Of these, none had any nucleoside reverse transcriptase inhibitor (NRTI)-or protease inhibitor (PI)-and 3 had nonnucleoside reverse transcriptase inhibitor (NNRTI) SDRM. These 3 patients had received NVP as part of PMTCT. Using the WHO binomial testing model, this survey predicts a low (Ͻ5%) prevalence of TDR to NRTIs and PIs and, since 3 of the first 47 patients tested had NNRTI resistance, the prevalence of NNRTI resistance can be classified as intermediate: 5% to 15%.
DISCUSSION
We found a low prevalence (Ͻ5%) of resistance to NRTIs and PIs in antiretroviral naive children whereas 3 out of 48 patients, all of whom had received NVP as part of PMTCT, had NNRTI SDRM. In view of the high NVP exposure through PMTCT regimens, South African children less than 3-years-of-age receive a regimen consisting of NRTIs and a PI. Therefore, we were primarily interested in detecting any transmitted NRTI and PI resistance, while we expected substantial NNRTI resistance.
Polymerase chain reaction followed by bulk sequencing is the current standard for TDR surveillance. However, allele-specific assays were shown to detect a higher prevalence of NNRTI mutations in NVP PMTC exposed patients in some studies, 11 but not in others. 12 Nevertheless, we may have underestimated NNRTI resistance since most NNRTI resistance in these children would be PMTCT-induced, rather than transmitted and competing populations of wild-type virus may more rapidly displace drug-induced mutants, than in the case of transmission of a single resistant strain, where there is lack of competition with wild-type. Bulk sequencing may also underestimate the prevalence of certain transmitted mutations such as M184V due to its effect on viral fitness 13 which, although not detected, may result in early virological failure after commencement of therapy.
14 The use of these new allele-specific assays has, as yet, not been fully validated in TDR surveillance but we plan to employ them in future studies.
The rapid scale-up of ART in South Africa warrants surveillance of patient groups in which one can expect to see an increase in the prevalence of transmitted resistance. In the Western Cape Province, especially in urban areas, ART coverage is already high. Using projections from the Actuarial Society of South Africa 15 and provincial data (personal communication), the estimated ART coverage in April 2009 was 79% for adults and 89% for children; thus, PMTCT coverage is almost universal. 16 Some TDR surveillance data for adults exist for sub-Saharan Africa, but worldwide there are few data for children. The choice of ART regimens recommended for children should be carefully considered, especially since therapy needs to be initiated early, and therapy options should be retained to ensure life-long treatment. Based on these data one can expect a good response to the current first-line regimen used in South African children less than 3-yearsof-age, which includes NRTIs and a boosted PI. Further TDR surveillance in children, especially in areas such as the Western Cape with high ART and PMTCT coverage, should be a priority and such surveillance should be repeated regularly to detect any increase in prevalence that may compromise antiretroviral regimens.
M edication adherence and accurate adherence assessment in children with HIV are vital to effective treatment. Nonadherence to antiretroviral (ARV) medications allows viral replication and mutation that can lead to treatment resistance and more complicated medication regimens. 1 No single best adherence assessment strategy exists for children with HIV. Utilizing multimethod assessment strategies may better capture adherence behaviors and address limitations associated with any single measure.
While pill counts yield significant associations with viral load (VL), [2] [3] [4] [5] [6] clinical utility is limited by significant staff time demands, cost constraints, and potential social desirability (eg, "pill dumping"). 7 Retrospective recall is the most commonly used adherence assessment strategy because of ease of administration, cost effectiveness, and clinical utility. 7 Recall methods typically rely on caregiver report of how many doses were missed within a specified period. Methodologic limitations, including socially desirable responding, difficulty recalling everyday events, and lack of continuous assessment may account for inconsistent findings with VL 2,3 and may result in adherence overestimations than objective methods. 7 Recent pediatric studies failed to find a relationship between caregivers' 3-day recall of missed doses and child VL 2 while others reported significant findings with VL. 3 Inconsistent reports necessitate further investigation into the accuracy and efficacy of adherence recall methods for children with HIV.
Dose timing is an essential aspect of adherence due to risk of developing medication resistance associated with temporal dosing inconsistency. 1 To better evaluate relationships among adherence with VL and CD4 biomarkers, off-schedule dosing should be assessed. True adherence may be overestimated when doses are not missed, but still not taken as prescribed. 4, 8 This study contributes to better understanding the impact of off-schedule dosing on child health outcomes.
Treatment efficacy and disease progression are monitored routinely via CD4 and VL biomarker assays. Within the pediatric HIV adherence literature, investigations frequently only reported VL. 2, 4, 6, 8, 9 Given the contribution of each biomarker to understanding disease progression and treatment response, concurrent CD4 and VL monitoring is warranted. Reported relationships among CD4 and adherence in children with HIV have been mixed, 3, 5, 10 and comparison of findings is complicated by whether CD4 count, CD4%, or both were monitored.
Biomarkers typically have not been monitored concurrently with adherence, often collected within 90 days of adherence assessment. 2, 6 Studies utilizing concurrent assessment reliably detect significant VL-adherence relationships.
3,4,9,10 Concurrent CD4-adherence assessments are limited and findings are mixed. 3, 5, 10 To improve on prior methodology, the present study collected VL and CD4% biomarkers concurrent with multimethod adherence assessment strategies. Off-schedule dosing was measured to investigate the role of inconsistent interval dosing on child VL and CD4%. Hypotheses: (1) pharmacy pill count would predict both child VL and CD4%; and (2) caregiver report of 3-day missed and 3-day off-schedule dosing would predict both child increased VL and decreased CD4%.
METHOD Participants
Sixty caregivers of children with perinatally acquired HIV-1 presenting for routine multidisciplinary pediatric HIV care in the Mid-Southern United States were recruited consecutively. Child demographics: Mean (M) age 8.0 years (SD ϭ 4.26); 53% female; 85% African American, 13% Caucasian; 92% were on a twice daily, 3-drug (75%) or 4-drug regimen (17%). Caregiver demographics: Mean age 39.7 years (SD ϭ 11.6); 93% women; 85% African American, 15% Caucasian; 66.7% biologic parent, 25% other relative, 8% adoptive parent; 55% HIV-positive; 57% unemployed.
Data Collection
This single-site prospective cross-sectional study was institutional review board-approved. Caregivers provided written consent, and completed a study-specific semistructured interview to obtain demographic information and caregiver report of child medication adherence via 3-day retrospective recall of number of child ARV doses missed, and doses taken, but off-schedule (not as prescribed). Additionally, ARV adherence was assessed by pharmacy pill count (percentage of medication returned/total medication dispensed). Child CD4 and VL assays were drawn per routine clinical care on the date of caregiver participation, and pharmacy pill count was obtained.
One critical aspect of the 3-day recall methodology implemented includes calculations of off-schedule dosing in relation to reported missed doses. Participants were asked at what time(s) the child was required to take ARV medications and which medications were prescribed for each dose time, allowing for the assessment of medications prescribed once-daily within a twice-daily regimen. Respondents were asked "how many doses of each ARV medication were missed yesterday morning? And, evening?" "How about the day before that?" "And, the day before that?" Similarly, to assess off-schedule dosing, caregivers were asked, "Over the past 3 days, how many doses of each ARV medication was not taken when it was supposed to be?" beginning with yesterday morning, etc. Caregivers estimated by how much time each off-schedule dose was taken early or late. Doses taken within 1 hour of the expected dose time were considered adherent. Off-schedule
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calculations took into account doses missed, determining the proportion of doses actually taken, but not as prescribed.
Statistical Analyses
Analyses were conducted using SPSS 15.0. Due to significant skewness, variables were dichotomized based on clinical criteria. Child CD4% was recoded by Center for Disease Control clinical classification of immunosuppression (Ͻ25% vs. Ն25%). VL was dichotomized as undetectable/detectable (Ͻ400 copies/mL vs. Ն400 copies/mL). Caregiver report of missed doses and offschedule dosing were recoded as nonadherent/adherent (missed vs. none; off-schedule vs. none). Pharmacy pill counts were dichotomized (Ͻ93% vs. Ն93%) corresponding with missing Ͼ2 days' doses within 30 days. Phi coefficient analyses examined relationships among the 3 adherence assessment strategies. Predictive validity of each assessment strategy on child CD4% and VL was analyzed via logistic regression.
RESULTS
Adherence by pharmacy pill count was M ϭ 91.41% (SD ϭ 9.71), and Ͼ95% for 40% of the sample. Further, 83% of caregivers reported no missed doses for their child over the 3-day recall period; 77% reported no off-schedule doses during the same 3-day period. Caregivers reported ϳ5.7% of doses were missed (Median ͓Mdn͔ ϭ 0, SD ϭ 17.49) and 12% taken off-schedule (Mdn ϭ 0, SD ϭ 26.87); thus, ϳ18% (Mdn ϭ 0, SD ϭ 29.95) of all prescribed doses were either missed or taken off-schedule per 3-day recall.
Dichotomously coded adherence variables were evaluated for multicollinearity. Results (Table 1 ) revealed a significant relationship between adherence assessed by pill count and 3-day recall of doses missed ( ϭ Ϫ0.29, P ϭ 0.02). Neither pharmacy pill count ( ϭ Ϫ0.05, P ϭ 0.69) nor 3-day recall of doses missed significantly related to doses taken off-schedule ( ϭ 0.18, P ϭ 0.17).
Univariate logistic regression analyses ( 
DISCUSSION
Validating ARV adherence assessment remains of paramount importance, both in pediatric HIV clinical care and clinical investigation. Nonetheless, a gold standard to assess adherence remains elusive. Study findings emphasize the importance of including off-schedule dosing assessment when evaluating adherence. Results also support inclusion of both CD4% and VL biomarkers given independent relationships to self-reported adherence. Collecting both indices, rather than VL alone, increased the likelihood of identifying adherence difficulties in children with perinatally acquired HIV and the impact of suboptimal adherence on both immune composition and viral control.
The most commonly used assessment strategies, pharmacy pill count and caregiver recall of missed doses, failed to predict child VL or CD4% suppression, despite relatively high adherence rates. Inclusion of off-schedule dosing provided a more refined analysis of overall adherence behaviors. Participants who otherwise appeared adherent by pill count and/or doses missed acknowledged difficulty administering medications as prescribed, an extremely important health consideration given risk to develop medication resistance because of temporally inconsistent ARV dosing. Thus, off-schedule dosing assessment may represent a more externally valid and sensitive measure of adherence behavior, providing clinical insight beyond other methods.
Study findings are tempered by limitations inherent to a relatively small 1-time cross-sectional single-site sample, and utilization of self-report measures and pill counts, which are vulnerable to social desirability demands. Dichotomization of data due to skewness also may limit findings.
Limited methodologic and analytical descriptions in prior studies compounded by contradictory results make interpretation, comparison across studies, and replication difficult. Study findings demonstrate concurrent assessment of biomarkers and off-schedule dosing more accurately illulminate the influence of nonadherence behaviors in children with HIV. Routinely employing these methods may allow earlier detection and intervention to improve dose-timing consistency and prevent viral replication and development of medication resistance. Methodologic detail regarding how adherence is assessed and analyzed should be included in future reports to encourage replication and permit comparison across studies. Replication with a larger multisite cohort across treatment settings to clarify further the contribution of off-schedule dosing, concurrent collection of biologic assays, and adherence assessment is warranted. 
POPULATION BASED EXTERNAL VALIDATION OF A EUROPEAN PREDICTIVE MODEL FOR RESPIRATORY SYNCYTIAL VIRUS HOSPITALIZATION OF PREMATURE INFANTS BORN 33 TO 35 WEEKS OF GESTATIONAL AGE
Supported by Abbott Laboratories for work on various projects (to J.R.F.).
Also, by the Abbott Laboratories (to L.G.S., E.S., and X.C.E.). The data management for the establishment of the Danish dataset was funded un-restricted by Abbott Laboratories, Denmark. Passive immunoprophylaxis with a humanized monoclonal antibody, palivizumab, has been shown to reduce the risk of RSV hospitalization in preterm infants. 2 However, passive immunoprophylaxis for all infants born 33 to 35 weeks of gestation (wGA) is not considered cost-effective in most European countries. 3 Thus, there is a need, in an evidence-based manner, to identify infants born 33 to 35 wGA with the greatest likelihood of RSV hospitalization in whom to target immunoprophylaxis. This approach has recently been modeled by Simoes et al 4, 5 who used data on infants born 33 to 35 wGA from Spain and Germany to define a European RSV hospitalization predictive model.
However the rates of RSV hospitalization in Northern Europe are lower than the rates in Spain, prompting us to examine the usefulness of this model in a Scandinavian population. We used population-based data prospectively collected on 2529 infants born 33 to 35 wGA in Denmark to present an external statistical test of the robustness of the European RSV predictive model.
METHODS
In the publication by Simoes et al, 5 7 variables describing the most important risk factors for RSV hospitalization in premature infants 33 to 35 wGA in Spain were identified. These variables were "birth within 10 weeks of the start of the season," "birth weight," "breast-feeding Յ2 months," "number of siblings Ն2 years of age," "number of family members with atopy," "male sex," and "number of family members with wheeze." In the original study, information on these 7 factors examined by discriminant function analysis resulted in a diagnostic accuracy of 71% when trying to identify premature infants hospitalized with RSV. Discriminant function analysis optimizes the variables which discriminate between 2 or more naturally occurring groups, here RSV-hospitalized versus non-RSV-hospitalized premature infants 33 to 35 wGA.
Using prospectively collected population based data on 93,620 births during 1997 to 2003 from the Danish National Birth Cohort (DNBC) (www.BSMB.dk), 6 2529 infants born 33 to 35 wGA and followed until the age of 18 months after birth were identified and data on the 7 variables described above were withdrawn in August 2008. For 3 of the 7 variables, the DNBC data did not exactly represent the Spanish data. In the Spanish data, information on siblings was defined to be number of siblings Ն2 years of age, but in the DNBC data number of siblings represented the total number of siblings below 12 years of age excluding any twin from multiple births. In the Spanish data, information on close relatives with wheeze or atopy included information on siblings and grandparents; but in the DNBC data close relatives with atopy was calculated with no data on grandparents available, and close relatives with wheeze was calculated with no data on grandparents and siblings available. Furthermore, other variables containing information on other established RSV hospitalization risk factors and information on mortality were withdrawn from DNBC. The additional risk factors included data on parental smoking during and after pregnancy, parental educational level, pets in the home, day care attendance, and chronic lung disease. The information on RSV season also included in the modeling was based on the Danish RSV season, November to April. This Danish dataset was used to externally validate the robustness of the European Predictive Model. Information on the 7 variables in the Danish data was used to generate a discriminant function in the Danish dataset itself, resulting in a percentage value of true classification (here, of predicted RSV hospitalization) and receiver-operating-characteristic (ROC) plots of the sensitivity by (1-specificity) with areas closest to 1 predicting best predictive accuracy. Premature 33 to 35 wGA case infants who experienced RSV hospitalization were compared with premature 33 to 35 wGA case infants without RSV hospitalization. The analysis was carried out on all data with automatic substitution of neutral values for missing data, and secondarily, with exclusion of missing values.
The neutral values were calculated from the mean values in the 2 outcome groups (hospitalized and nonhospitalized) and set so as to provide no bias in the discriminate functions derived from the data so modified. There were complete information on date of birth, sex, siblings, and on if any family member among parents or siblings had any atopic disease. For information on if any family member had wheeze, 32 individuals (1.3%) had missing information. For birth weight, 46 individuals (1.8%) had missing information. For breast-feeding, 993 individuals (39.3%) had missing information. The model was sought to be improved by serially removing variables from the model, by inclusion on information on the other established risk factors, and by substituting categorical (Yes/No) variables for atopy and wheeze. Finally, the unadjusted coefficients generated from the Spanish study were applied to the Danish data. All analyses were carried out using SPSS 15 for Windows.
RESULTS
A total of 2614 infants included in DNBC were born 33 to 35 wGA (gestational days 231 to 251). Of them, 37 stillborn infants were excluded. Forty-six infants who died during follow-up were excluded from the analyses, one had chronic lung disease and none of these infants experienced RSV hospitalization. 2 infants without RSV hospitalization had chronic lung disease and were excluded from the analyses. Of the 2529 infants born 33 to 35 wGA left for follow-up, 139 (5.5%) experienced an RSV hospitalization.
When the Danish data were used to validate the 7-variable European Predictive Model and the analysis was carried out on all data with automatic substitution of neutral values for missing data, the resulting diagnostic accuracy was 65.9%, with an area under the ROC curve of 0.625 (0.578 -0.673) (Figure 1 ). The negative predictive value at the point of maximum discrimination for the Danish data was 0.86. If the missing data was excluded from the analyses, the resulting diagnostic accuracy was 63.3%, with an area under the ROC curve of 0.598 (0.524 -0.671). The exclusion of missing data reduced the number of RSV cases to 66 and controls to 991.
When variables were serially removed from the model, improvement was achieved when atopy was eliminated, giving 68.1% correct classification and AUC 0.634 (0.586 -0.681). Optimization was attempted by substituting categorical (Yes/No) variables for atopy and wheeze and by using all the variables in the data set, but with no improvement. Since the variable "birth within 10 weeks of the start of the season" had the greatest positive impact on the fit of the predictive model, further optimization was achieved by stratifying the data by season, leading to improvement of the diagnostic accuracy in some but not all seasons (data not shown, available on request).
When the discriminant function analysis was based on the unadjusted coefficients from the FLIP dataset with information on Spanish infants 33 to 35 wGA, the diagnostic accuracy was 62% and the area under the ROC curve was 0.598 (0.553-0.644).
DISCUSSION
The present population-based cohort study externally validated the recently published European RSV hospitalization predictive study to test the robustness of that model when used in other European infant populations. The model included information on globally established risk factors for RSV hospitalization: time of birth, birth weight, male sex, breast-feeding, siblings, and family disposition to atopy and wheeze. 1, 7, 8 Using data on Danish premature infants born week 33 to 35 of gestation, we found a diagnostic accuracy of nearly 66% of the model.
A diagnostic accuracy of about 66% might not appear high. However, in the study by Simoes et al 5 where the original model tested in the present study was generated it was found that using, for example, the Spanish Guidelines to identify premature children at increased risk of RSV hospitalization was not better than chance. Denmark has no specific guidelines; the Danish Pediatric Society recommends individual judgment when the use of RSV prophylaxis is considered.
Our study was limited by several factors. Despite the large overall sample size, the total number of 139 RSV hospitalized infants born 33 to 35 wGA set statistical limitations. The data set were not precisely alike the data collected for the FLIP study and some of the variables had considerable missing values. We tested the diagnostic accuracy in the subset of the DNBC dataset without any missing information and found it to be essentially the same. were "birth within 10 weeks of the start of the season," "birth weight," "breast-feeding Յ2 months," "number of siblings Ն2 years of age," "number of family members with atopy," "male sex," and "number of family members with wheeze." ROC plot areas closest to 1 predict best predictive accuracy.
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However, the European RSV hospitalization predictive model proved robust to external validation and the diagnostic accuracy remained satisfying. Recently, such a RSV risk-scoring tool based on information on the same 7 RSV risk factors was evaluated in Canadian infants 33 to 35 wGA and was found to be practical and effective in reducing RSV hospitalization in infants who are most at risk, while avoiding prophylaxis in the 82% of the GA cohort who were considered low risk for RSV infection. 9 In countries like Denmark without RSV prophylaxis guidelines for premature infants and where the use of RSV prophylaxis is based solely on individual judgment, a risk-scoring model might improve the use and efficacy of RSV prophylaxis.
CONCLUSION AND PERSPECTIVE
This external validation of the European RSV predictive model confirmed the robustness of the model. Based on the model, computer software could be developed and offered to European neonatal departments to optimize the cost-effectiveness of the use of passive prophylaxis against RSV in premature infants born 33 to 35 wGA. M other-to-child transmission (MTCT) of human immunodeficiency virus (HIV) in developed countries has decreased to Ͻ2% after the implementation of prophylactic measures, such as the use of antiretrovirals (ARV), elective cesarean section, and refraining from breast-feeding. [1] [2] [3] Exposure of these otherwise healthy infants to one or more drugs of unknown toxicity is of concern. To date, most of the reported hematologic and mitochondrial adverse effects, of which zidovudine (ZDV)-related reversible anemia is the most common, have shown mild clinical significance. 4 -8 After the PACTG 076 study, 9 the 6-week neonatal oral ZDV chemoprophylaxis regimen became standard care. Since 2005, HIV-exposed neonates in the United Kingdom have been treated for 4 weeks, 3 in accordance with postexposure prophylaxis (PEP) guidelines in other situations. 10 We investigated whether the new 4-week neonatal ZDV regimen has led to a decrease in hematologic toxicity in a large cohort of HIV-uninfected infants.
ANTIRETROVIRAL-RELATED HEMATOLOGIC SHORT-TERM TOXICITY IN HEALTHY INFANTS
IMPLICATIONS OF THE NEW NEONATAL 4-WEEK ZIDOVUDINE REGIMEN
MATERIALS AND METHODS
A single-center prospective observational study was conducted in a cohort of mother-infant pairs, followed up prospectively from January 2000 in a tertiary-care pediatric hospital in Barcelona (Spain). Informed consent was obtained from all women at enrollment and the study protocol was approved by the local Ethics Committee. As per protocol, demographic, clinical, and laboratory data are routinely collected on all patients, and a complete clinical examination and blood tests were performed at every visit (at 2, 3, and 6 weeks, and at 3, 6, and 12 months of age). Laboratory tests included a full blood picture and a viral load assay (proviral HIV-DNA, Amplicor HIV until year 2003, and HIV-RNA quantification, CA HIV Monitor, thereafter; Roche, Basel, Switzerland).
HIV-exposed uninfected infants were eligible if they had been exposed to ARV during gestation and had received ZDV monotherapy during the neonatal period. According to current guidelines, 1 an infant was defined as HIV-uninfected if 2 or more viral load tests were negative, with one test at age 1 month or older and one test at age 4 months or older. The following exclusion criteria were used: hepatitis C virus (HCV) infection, gestational age at birth less than 36 weeks, and the presence of any other medical condition capable of causing hematologic disorders.
Patients were initially defined according to the length of their neonatal ZDV treatment period, a 6-week regimen or a 4-week regimen, according to current guidelines at the time of birth. A univariate assessment of differences in toxicity between the 2 groups
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The Pediatric Infectious Disease Journal • Volume 29, Number 4, April 2010 was conducted using the 2 test for categorical variables and the t test for continuous variables. Multivariate regression analyses controlling for several factors known to be associated with hematologic variables (maternal age, ethnicity, drug use, CD4 cell count and plasma viral load, type and length of ARV regimens during pregnancy, and the infant's sex, gestational age, and weight at birth) were used to assess the association between the different ARV treatment regimens and the outcome variables. All tests were 2-tailed, and a P value Ͻ0.05 was considered significant. Statistical analysis was performed with the SPSS 12.0 Program.
RESULTS
As of June 2008, 221 infants had been enrolled in the cohort. Among these, 50 patients were excluded because of: neonatal ARV prophylaxis other than ZDV monotherapy (n ϭ 13), HIV infection (n ϭ 5, all of them diagnosed during the first week of life), hepatitis C virus infection (n ϭ 11), gestational age at birth less than 36 weeks (n ϭ 10), and other medical conditions (n ϭ 11). The final study cohort consisted of 171 patients (80 women, 46.8%). Overall, 138 patients (80.7%) received a 6-week neonatal regimen of oral ZDV, while 33 (19.3%) received the new 4-week regimen. Most of the children in the latter group were born from 2005 onwards. All children were exclusively bottle-fed and none received prophylactic trimethoprim-sulfamethoxazole.
Data regarding gestation, birth, and neonatal clinical variables are summarized in the Table, Supplemental Digital Content 1, http://links.lww.com/INF/A334. At delivery, mothers in the 6-week ZDV group were significantly younger (P ϭ 0.022), and had been treated more often with stavudine (34% vs. 12%, P ϭ 0.015) and nelfinavir (36% vs. 12%, P ϭ 0.008) and less often with emtricitabine (0% vs. 12%, P ϭ 0.001), abacavir (4% vs. 15%, P ϭ 0.039), and tenofovir (1% vs. 12%, P ϭ 0.014) as part of their highly active antiretroviral therapy (HAART) regimens.
Lower mean hemoglobin values (12.1 vs. 13.1 g/dL; P ϭ 0.006) and a higher rate on all Division of Acquired Immunodeficiency Syndrome toxicity grades 11 in hemoglobin concentrations (76% vs. 48%; P ϭ 0.005) at the age of 2 to 3 weeks were observed in infants whose mothers had received ZDV as part of their HAART regimens during pregnancy. These findings persisted in multivariate analyses (odds ratio: 4.28 for any toxicity in hemoglobin values when ZDV was included in maternal therapy; 95% confidence interval ͓CI͔: 1.01-18.05; P ϭ 0.048). No other differences in baseline characteristics or associations between those and hematologic findings were observed (data not shown).
Overall, no statistically significant differences were observed in hemoglobin, mean corpuscular volume (MCV), neutrophil, lymphocyte, and platelet counts (Figs. 1A-E) between the 2 groups, except for MCV values at 6 weeks and 3 months of age, which were lower in the 4-week ZDV group (P Ͻ 0.0001 and P ϭ 0.002, respectively; Fig. 1B) . In both groups, mean MCV was higher than reference values up to the age of 6 weeks and later became normal. Changes over time in significant abnormalities (according to the Division of Acquired Immunodeficiency Syndrome pediatric grading system 11 ) of hemoglobin values and neutrophil counts were similar irrespective of the length of the neonatal ZDV regimen. Normal lymphocyte and platelet counts at all ages were observed for all infants in the study. In the multivariate assessment, differences in MCV at 6 weeks (P Ͻ 0.0001) and 3 months (P ϭ 0.013) of life were confirmed, and no other significant results were found. Hematologic toxicity did not lead to clinical symptoms in any case; no blood transfusions or treatment discontinuation were required.
DISCUSSION
Currently, most HIV-infected pregnant women receive HAART. When feasible, use of ZDV as a component of the maternal HAART is recommended, as is the intrapartum intravenous ZDV regimen. ZDV also remains the drug of choice in postpartum neonatal chemoprophylaxis.
1-3 The 4-week neonatal chemoprophylaxis regimen was first recommended in 2005 by the British guidelines 3 and has recently been implemented in Spain. 2 The optimal duration of neonatal ZDV chemoprophylaxis has not been appropriately established. A recent clinical trial in Thailand on the prevention on MTCT that used maternal ZDV starting at 28 weeks of pregnancy, plus a loading dose of ZDV during labor, single-dose nevirapine in the mother and the infant, and a 7-day neonatal ZDV treatment achieved a 2% rate of HIV MTCT.
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Although not specifically designed to answer this question, these results suggest that shorter neonatal regimens are as effective as the 6-week regimen in the PACTG 076 TRIAL. Large cohort studies in Europe and the United States indicate that perinatal exposure to ARV drugs is associated with minor and mostly clinically insignificant decreases in several hematologic parameters, including hemoglobin concentrations and platelet, lymphocyte, CD4 and CD8 cell, and neutrophil counts. 4 -6,13,14 Except for hemoglobin, these differences may persist through the age of 18 to 24 months, 4 -6 or even longer for neutrophil 13 and lymphocyte counts.
14 In general, the use of HAART during pregnancy and a longer duration of exposure lead to larger decreases. 4, 7, 14 The observational nature of our study, the small sample size, the lack of a control group of ARV-unexposed infants, and the fact that, overall, 93% of the mothers received HAART during pregnancy did not allow us to confirm these findings. Nonetheless, the absence of differences in most hematologic indices when the length of the neonatal ZDV regimen was taken into account suggests that this toxicity is mainly due to the use of ARV during pregnancy. The use of historic controls instead of concurrent ones could represent a potential for bias and limit the validity of the study; however, there were no dissimilarities in the baseline characteristics, the endpoints were objective and adequate data were available to allow for the comparison between both regimen groups.
Short-term toxicity of infant ZDV prophylaxis has been minimal, consisting primarily of transient macrocytic anemia. Several studies suggest that hematologic toxicity increases when intravenous ZDV 5 or combined neonatal ZDV/lamivudine prophylaxis 5, 15 are used, with increasing numbers of patients requiring treatment discontinuation or blood transfusions. The change in hemoglobin value in our study, with a nadir occurring at 6 weeks of age, is similar to that in the PACTG 076 trial. 9 In contrast with other hematologic parameters, hemoglobin concentrations tend to normalize at 2 to 3 months of age, early after the exposure to any ARV finishes. 4 -9 The in vitro inhibitory effect of ZDV on hematopoietic progenitors was reported early on by Dainiak et al, 16 and it is more severe on the fetal and neonatal erythroid lineages. 17 Although the lower hemoglobin levels at age 2 to 3 weeks we describe were only associated with the maternal use of ZDV during gestation, the significant differences in MCV values between groups at 6 and at 12 weeks of age suggest that the 4-week regimen allows an earlier recovery of the erythroid cell lineage in bone marrow.
In conclusion, our results suggest that the use of HAART during pregnancy, especially if this regimen includes ZDV, is critical for the development of neonatal anemia; moreover, the length of the ZDV neonatal regimen likely represents an additive toxic effect. Nowadays, most HIV-infected pregnant women receive HAART. Current guidelines on the prevention of HIV MTCT allow a vaginal delivery when maternal viral load near the time of delivery is below 1000 HIV-RNA copies/mL and recommend an elective cesarean section when maternal viral load near the time of delivery is greater than 1000 HIV-RNA copies/mL, 1 hence minimizing the risk for the newborn to come into contact with contaminated blood and the role of PEP. Likewise, HIV infection may be presumptively excluded by 1 month of age, before the completion of the 6-week PEP.
1 Present PEP guidelines in other situations recommend 4-week regimens of different combined ARV. 10 Whether the neonatal 4-week oral ZDV regimen, or even shorter ones, are as effective as the 6-week regimen in preventing HIV MTCT can only be confirmed by means of a clinical trial. Until then, observational studies with close monitoring of ZDV-exposed infants and assessment of their clinical data contribute to the body of evidence on the effectiveness and safety of the 4-week infant PEP, and provide support for this new recommendation.
A 21-month-old girl received an HLA-matched, haploidentical peripheral blood stem cell transplant with natural killer cell add-back for treatment of refractory acute bilineage leukemia. She received intense myelosuppression with a total of 14 daily doses of OKT3 (muromonab). On the third post-transplant day, she developed fever. Peripheral blood culture obtained via central venous catheter (CVC) had growth of Enterococcus faecium resistant to vancomycin (Table 1 , isolate 1). Vancomycin-resistant enterococci (VRE) had been recovered from her stool on routine surveillance one month earlier. Linezolid was administered intravenously in a dosage of 10 mg/kg every 8 hours, but fever persisted and blood cultures showed growth of E. faecium, even after removal of the CVC 4 days after starting antimicrobial therapy. Daptomycin (4 mg/kg every 12 hours) was added to the regimen 6 days after linezolid therapy was initiated. Antibiotic susceptibility testing of the organism was repeated and had not changed since Day 0 (Table 1, 
isolate 2).
When peripheral blood cultures demonstrated continued growth of VRE, an echocardiogram was obtained, ten days after start of antimicrobial therapy. The study identified echogenic linear foci in the innominate vein, likely representing sheath thrombi from the previously removed CVC. An intravenous heparin drip was initiated to prevent extension of the thrombus. After 20 days of therapy with Linezolid, 14 days with daptomycin, and 7 days with heparin, blood cultures were sterilized, with the last positive blood culture having been obtained 20 days after the first (Table 1, isolate 3) . A repeat echocardiogram showed the innominate vein thrombi to be smaller.
Despite sterile blood cultures, the patient continued to have fevers and developed emesis. Eight days after the last positive blood culture, she developed acute mental status changes. When computed tomography of the head showed acute hydrocephalus, an external ventriculostomy drain (EVD) was emergently placed. Microscopic examination of cerebrospinal fluid (CSF) revealed Gram-positive cocci, and culture subsequently demonstrated growth of E. faecium (Table 1 , isolate 4). When antimicrobial susceptibility testing revealed that the CSF isolate was resistant to Linezolid, this drug was discontinued. Other antibiotic options were limited. Because of the poor penetration of systemic daptomycin into the CSF, 1 the risks and benefits of direct intraventricular daptomycin therapy via ventriculostomy were discussed with the family, who agreed to proceed with this therapy.
On the basis of a previous report of intraventricular daptomycin use in an adult, 2 daptomycin 2.5 mg in 5 mL normal saline was administered via ventriculostomy tubing every 24 hours, locked for 30 minutes, and then reopened to continue CSF drainage. To reduce the risk of chemical meningitis due to direct instillation of the antimicrobial, we initiated intravenous dexamethasone, 1 mg every 6 hours for 5 days, on day 2 of intraventricular daptomycin. No clinical signs of increased central nervous system irritation (such as increased emesis or irritability) were observed, nor were increases in CSF pleocytosis or protein noted on daily monitoring. Peak and trough concentrations of daptomycin measured in CSF specimens from the EVD at the end of the intraventricular infusion and 30 minutes before the next dose were 24.44 and 2.97 mg/L, respectively. The measurements were obtained at the Center for Anti-Infective Research and Development (Hartford, CT), using high-performance liquid chromatography (HPLC). Gram stain and culture of the CSF remained positive during the first 3 days of intraventricular therapy. The only remaining agent to which the isolate was susceptible was tigecycline. Based on standard adult dosing and a report of a mean site-to-serum area under the concentration-time curve (AUC) ratio of 0.11 for tigecycline in CSF of patients with noninflamed meninges, 3 a loading dose of 3 mg/kg i.v. was extrapolated, with maintenance dosing of 2 mg/kg i.v. every 8 hours to maximize CSF penetration. Two days after tigecycline was added, the patient's CSF sterilized. Platelet and white blood cell counts were monitored daily and remained at baseline. Mildly elevated hepatic transaminases developed on treatment day 8 of tigecycline, but the patient was receiving concomitant hepatotoxic drugs. Serum tigecycline concentrations were measured by HPLC at 0.75, 4, and 7 hours after the half-hour drug infusion, and an AUC of 8.7 mg h/L for an 8-hour dosing interval was calculated using the trapezoidal method. Tigecycline concentrations in CSF collected from the EVD at 0.75 and 4 hours postinfusion were below the detectable level of 0.05 mg/L. Intraventicular daptomycin was continued for 7 days after the date of the first negative CSF culture, although the dosage was decreased to 2 mg every 24 hours for 2 days before stopping, to minimize the risk of toxicity. Tigecycline was given for a total of 14 days. A ventriculoperitoneal shunt was placed after 10 days of sterile CSF cultures. Parenteral daptomycin was continued for 6 weeks after the first sterile blood culture due to the thrombotic nidus of infection. The patient returned to her baseline neurologic functioning.
To determine the phylogenetic background and confirm the clonality of the VRE isolates, multilocus sequence typing was performed as previously described. 4 According to the publicly available multilocus sequence typing database (http://efaecium.mlst.net/), all of the tested clinical isolates belonged to ST412, which is a member of the epidemic clonal complex 17 (CC17). CC17 is now widely recognized as a hospital-adapted E. faecium subpopulation, 5 and member strains typically carry multiple virulence-associated traits.
DISCUSSION
We believe that this is the first reported case of pediatric meningitis successfully treated with intraventricular daptomycin. It is also the first report of tigecycline use in a toddler. While use of these agents in combination precludes crediting one or the other with the predominant curative role, both were well tolerated, and the patient's CSF was successfully sterilized of this highly-resistant isolate, with no evidence of recurrence at 3 months of follow-up.
Vancomycin-resistant E. faecium is an emerging pathogen for hospitalized and immunocompromised patients. Most enterococci have intrinsic resistance to multiple classes of antimicrobial agents, including cephalosporins and semisynthetic penicillinase-resistant penicillins (eg, oxacillin), as well as to clinically achievable serum concentrations of aminoglycosides. The toxicity of chloramphenicol has proscribed its use in most industrialized countries. Therefore, until recently, antimicrobial therapy for the treatment of VRE was limited. Although more options have become available with the approval of novel antimicrobial agents, there is usually a delay in approval of such agents for use in children. Linezolid was approved by the Food and Drug Administration for use in children in 2002, 6 but as of this writing, daptomycin has not been so approved, although a clinical trial is underway (available at: http://clinicaltrials.gov/ct2/show/ NCT00136292). Tigecycline is a treatment option for adults with serious infections caused by methicillin-resistant Staphylococcus aureus (MRSA) or VRE. Pharmacokinetic data from the manufacturer indicate that a dose of 1 mg/kg every 12 hours in pediatric patients 8 years of age and older provides an AUC that is comparable to that for standard adult dosing (Wyeth Laboratory). No data are available on the safety of this drug in pediatrics, as use of the related agent tetracycline in children less than 8 years of age has the potential risk of tooth discoloration. Daptomycin has been used for children with MRSA and VRE infections in situations where few alternatives exist. In a retrospective review of children with VRE or MRSA infections (median age, 6.5 years), doses of 4 to 6 mg/kg of daptomycin were used as adjunct therapy with successful outcomes. 7 Options for the treatment of E. faecium meningitis in children are further limited, as many of the available drugs do not reach therapeutic CSF concentrations. Linezolid achieves excellent CSF penetration, with a CSF-to-serum ratio of 0.92. 8 Linezolid has been used successfully for central nervous system infections with E. faecium in children. 9 The organism isolated from the CSF in this case was resistant to Linezolid. Daptomycin has not been studied for meningitis in humans. In experimental animal meningitis models, CSF penetration is 5% with inflamed meninges. 1 It has been used intraventricularly in one reported case in an adult. 2 At that patient's l dose of 5 mg every 3 days, peak and trough levels from the CSF were 13.9 and 9.9 mg/L. Sterile CSF and survival of infection were achieved. Our patient's CSF drug concentrations were substantially lower, yet still achieved a good outcome.
Although CSF tigecycline was 11% of the serum concentration in healthy adult patients receiving a 100 mg dose, 3 in our case, the intraventricular concentration of tigecycline was below the limit of detection. It is unclear why this was the case given that peripheral blood concentrations were substantial. There are no studies assessing the impact of meningeal inflammation on CSF levels of the drug, but since we obtained the measured CSF sample several days after completion of dexamethasone therapy (and when CSF cultures were sterile), there was unlikely to have been any inflammation of the meninges which could have affected CSF penetration. The AUC calculated from our patient's serum drug concentrations was higher than the mean AUC in the adult study, 3 and what is reported in the drug's package insert for 24 hours after a single loading dose of 100 mg. 10 Nonetheless, doses of 1 mg/kg every 12 hours would be sufficient for patients less than 8 years old in a situation where no other options exist, although it is unclear whether the tigecycline had any therapeutic benefit for our patient's meningitis.
Decrease in enterococcal susceptibility to Linezolid after exposure to this drug has previously been reported 11 to be the result of a single gene mutation. In this report, resistance to quinupristin/ dalfopristin, chloramphenicol, and doxycycline also emerged, despite lack of exposure to these agents. CC17, the group to which our isolate belongs, is a notorious emerging hospital-acquired pathogen, with multiple inducible chromosomal and plasmid-located resistance and virulence genes. 5 This case emphasizes the urgent need for pediatric clinical trials of antibiotics for emerging resistant organisms. It also provides clinical guidance in the use of i.v. tigecycline or intraventricular daptomycin in children where there are no better alternatives. The E. coli had an identical antibiotic susceptibility pattern as that from twin 2, and subsequent typing by the Health Protection Agency Centre for Infections (London, United Kingdom) showed the strains from both twins to be E. coli serotype 031 K1. Review of the result of a throat swab of twin 1 that had been taken on admission to the NICU showed a coliform growth with an identical antibiotic susceptibility pattern as the E. coli serotype 031 K1. This coliform was not typed or identified further.
Twin 1 was critically ill for many days: she had pulmonary hemorrhage and respiratory distress that required high-frequency oscillatory ventilation for 1 week and positive pressure ventilation for a further 17 days, and hypotension that required inotropic support for 2 weeks. She developed impaired renal function and thrombocytopenia (nadir platelet count 15 ϫ 10 9 /L) and needed platelet transfusions. She suffered ischemic injury to her right index finger, and on day 19 developed necrotizing enterocolitis with intestinal perforation. She underwent laparotomy and ileostomy formation on day 22.
She had repeated lumbar punctures on days 26 and 31, and both these CSF samples were sterile. Meropenem was changed to cefotaxime and vancomycin on day 22, and she received both these antibiotics for 24 days in total; metronidazole was also given for 14 days following the onset of necrotizing enterocolitis. Subsequent cranial ultrasound scans showed only a small subependymal hemorrhage and no evidence of parenchymal brain injury.
Both twins were eventually discharged home. Follow-up examination at the age of 12 months (corrected for prematurity: 9 months) showed mild gross motor developmental delay in both infants.
These extremely preterm twins developed life-threatening E. coli septicemia in the second week of life and within a short time of each other. The asymptomatic co-twin was reviewed but not treated at the time when the index twin developed overt infection. Despite appearing clinically well, the co-twin presumably had asymptomatic bacteremia at this time because just 34 hours later she had developed serious infection, including meningitis. While twins per se appear at no greater risk of invasive infection than singletons, 5 it is recognized for group B streptococcal infection that being the co-twin of an infected twin sibling does greatly increase the risk of sepsis. [3] [4] [5] We believe that this is the first report to suggest that being a co-twin of a twin infected with E. coli may substantially increase the risk of late-onset invasive E. coli sepsis.
These twins had a number of risk factors for sepsis, including extreme prematurity and delivery after prolonged rupture of membranes. Both had received 5 days of antibiotics after birth, but initial blood cultures were sterile. Twin 1 had a throat swab taken on admission, which grew a coliform with an identical antibiotic susceptibility pattern as the invasive E. coli. We speculate that both babies were colonized perinatally with E. coli and that the 5-day long initial antibiotic course did not clear the congenital colonization. Additional risk factors associated with neonatal intensive care (eg, mechanical ventilation, nasal continuous positive airways pressure, presence of indwelling central venous catheters, and parenteral nutrition delivery), may have increased the risk of invasive E. coli sepsis in both these infants. Persistent colonization and recurrence of disease has also been shown in neonatal group B streptococcal infection. 6, 7 This case report provides evidence to support concurrent evaluation and consideration of empiric treatment of an apparentlywell preterm co-twin when a twin sibling presents with late-onset sepsis. In the present case, enhanced clinical surveillance for signs of infection clearly proved to be insufficient. Our experience with these twins, both of whom had life-threatening E. coli infection, would support the practice of undertaking laboratory investigations to seek evidence of early infection in a clinically well preterm co-twin, and consideration of presumptive treatment with appropriate antibiotics. We suggest that studies should include blood and urine cultures, chest radiograph and CSF analysis, and that antibiotics be given at least until invasive infection is disproven in the asymptomatic twin by negative blood, urine, and CSF cultures. While empiric antibiotic treatment may not guarantee prevention of late-onset sepsis in such circumstances, 8 such practice would likely have prevented or aborted the life-threatening E. coli septicemia, meningitis, renal failure, and protracted ventilation suffered by this initially-asymptomatic co-twin.
